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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce stimulus Brillouin 
scattering by, related to an optical fiber system, 
comprising an integral internal void synthesis reflector, 
to which tuning voltage and dither signal are added for 
tuning in broad band. 

SOLUTION: A semiconductor laser 10 which allows 
broad band tuning comprises a gain section 12 and an 
internal void synthesis reflector section 14, and a 
current driver 16 supplies a current to the gain section 
12 for generating an output signal 20. A forward bias DC 
voltage is supplied to the synthesis reflector section 14 
from a bias source 18 for controlling a phase of an 
optical field in the void inside laser, thus carrier 
frequency of an output signal is roughly adjusted. 
Further, the output signal is combined to a transfer 
medium having tendency to generating stimulus Brillouin 
scatt.ering(SBS). In order for reducing the SBS. a dither 
signal of relatively low frequency and low voltage is 
further added to the synthesis reflector section 14. The 
spectrum of the output signal is widened for increased SBS threshold. 
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(57) [g»] 

CIS®] *58flBttHRW*ctt U— 9^HB«. <£9fiMffl 
(Stimultaed Brillouin Scattering: SBS) £{5 

FB W& *>j;Q*ig l o#KK*«fofiJ{|-b^^3 
ft&o co^WttU— iftt, £6fc, DFB ffJUttOKT' 

3^&s*$j8?«dd&i*s«£trft hq 

n, cftfcJ:?T, ttSSAttft«X{l:2««ci:flnif|ie 
5o 




(2) 

1 

*-K©a»»ft*WR**DFB M«, fcd:t>"M!B7^ 

i o«ai«o-i»c)ifi*wicia^snfci!i»CDFB io 
t mx-* + ml i t < m%m&.t % tns&m 

K.wmtcB&*tiMm on 2 own* hbjwkmew 

HUlBMQWOS 2 O^«KSB!£tE£A0 A * C I X\ lO 

*Ki!Wr*«)«{k*3i*ficL, cnfc*?T, mem 
m %zxsY547Wkmi&7tf4'7w$iztok 20 

ff(IB7^r^7TOcj!iPxe,n5«!Jfti:^IB^ l V>m 
Hfi*U»*ft-&, fro, SufBDFB ^HiOBUIB^ l 

sna^Ki^n, &/-vm&m ot^-K 

tB*)fl^cD;W h;W©«*l£tf, tSJR 2: LTflO!B7r 

mm 2 ] tufBr^ <f-«w=ft»»*»oc t 
[«3] ss>k, iim«MetiiAA9±icmhrr 

tf7*nyf#©gWS'T&51§SH:, ItMSUO 
[M#«4 ] M8ESEHfflfriM8EU~ f t-mtt tik 

m wmmm-h a c t mm tt% mm 3 © u- 

imm 5 ] mzm 1 mmmw (mnmmv 
Bmmmamztiz) sen tiorjaisti* 

«i:t*«l*«ioU— ifasm 



1 1- 1 9 5 8 4 3 

2 

*i©i/~>faHi«. 

[»*S7] fi}fBSIitt]±tfimB£i££^*IIfifi 
IC/H7XL, CtlK^oT, C©4HC77 7Cv#jS£ 

i©U— lf2!(m. 

[38*18] WDM 7t->XrAT'feoT> CW^XrA 

SftSIKt- KOttlO— 3KT$ii£-f 5/•ci6©?■:r- 
tlT^ftl^-OInCaAsP MQW ©7*rY7*{Bifc iwiHB 

«?*&tfl)FBffltt, mE7tT<( 7»Wfc}t¥«fclS 
SUfttc® 1 ©InGaAsP a»iSfSS, fc^D'fiilB^ 1 ©«& 

tt^wceasftfctoiEDFB mtmfc&mm®* 

W <D7tTj7ffimcmMM£&ZnK\nQaks? ©H 
fcS 2 ©InGaAsP fcJcl^sBI? 2 ©j»KS8©{ti 

Huiam 1 QVKBtf, % 1 S 1 O^^tulB 

e$ i o»»o^«^*k«k (mmmmmm 

memztiz) a en o9>fXF*-r 

l, fli»8aa2<DSB»ojB«^*KWKa (2) (Diim 

mm>U77ME.ZUz.%Z.tT\ CO*KJB*f*0 

H»8«EftS£*fc»0*a-"*-m *<ktf F5Y 
7«i5it*M!B7 -7®«cD'>4 < i: tMES 1 <VM 

Hfifiift«^%. fro, huIedfb mmtsst 1 
e*<* ois«:ffit/5a5»frNfflov->fc-t^ y hit 

fliBJiROffit-FOSftS-ofeitflJ 
bB N ®<D1- + *;K0-K45 -ok WJSt a H& 5 KgK 



(3) 

3 

MfHfcitf EaiTjffi^lf;: mat ZkVXDim is~*f t - 

WcDjfi 2 (DffimcljQZ-Z C t T'|]iiIE7 7"l'/^<DSBS £ 
{ai^Sfc&<Dr^-!l*£*, A5EfV 

H*«J:9*'ft0fi<«ti«ci:*W«i:'r*IMI)t5' 10 

fllEONffl®?-* *&l 5 4 9 n 

mTiSl 5 6 1 nmOHiSauy^fcli!*), WEU—lf 

swime u v s>*» i; t nswt wst 1 * c t *i$a 

Iflf (CJ5SLTSBS *£jff-r*18Gi*8o}t7 
7 f A, fe* tfMEft7 7 -MK:tS£Sn*ffl«S ftfc 

* a-twn* u~»f maim *fes-r zrctbm 

E£n, MEU-UW, DFB fim-tr^ai/fckoT 

jgissnsfloiau— if {1^***4* 6nrc«auaisa 
izmmcto a set Tfl)ema{g*t©ffiffl, neo tm 
WE7r'T/<rtT±<a$n*sBs *fls#r*fcafcifflE 30 
mm 1 1 ] metv v-mtpzn m%n? c 

Umm 1 2 ] tuErV 1f-fi4§ OJittftAt. ME£ 
TW^tTy haaj:»)*»40«<, MESEIIIW7* 

imoymzmm 40 

[0001] $tB$ltt, ^Broadband Tunable Semicond 
uctor Laser SourceJ &3£fflWf#IftBflil08/954305 

ftJ ft5*ftO¥« 1 0 2 9 7 9 5 2),* 
ftO^fSl 0^1ffi : m^2 9 7 9 5 4#t^Ctilli$ 

[00 0 2] 

[58Wo»»] *aiflttHlft«KttU-tfafll«, £0 50 



ftW 1 1 - 1 9 5 8 4 3 
4 

[SSL ( S timultaed B r i 1 louin Scattering: SBS) 

mmt 5 ok: Enwoiif Riflift u-*f a 

ffllcHf ft. 
[0 0 0 3] 

[«WO*«] »7*'Ji7y^a (SBS) tt, Jt77 
7yM,(Brillouin scattering)^, (o£9, 

*tt) KXormmmtetiiffli+QKtottiik 

tt, 77^37 fc«J«t 5 * OttAtt? rt T'<Dg 

iSL-rscfcfcaSo sbs HfiS7jft<sa.e)ftfc«s (c 

ntt^O^OWDM i/ZTMOs^Xlt 1 0mW/ft* 
;l/i:v>9lg<Wfi£ttotf) , B^MftriPicejfrrsHf 

(Xh-^Xfi^ (Stokes singal) fcLTjEP6n*) tC 

[0 0 0 4 ] -77, ^< COffljitCfc^TttfiiMfl^tttb 
*6, SBS ^46Ta^iftt7]^»-r5«J;?*gHtt 

nsiHtas. mm. mmimmznzt, %i7 
j'^mi'ZTLmmmmm<D&2^ 77^ 

rt*£tett&EMi/ZTL (#Rtt*, CATV:>XtA) 
rtT'ffll/^Ci:^?n§X7U7 h (7 7^7-7 h) 
©attfg))S1-?»o C©HH*IB^t5fc46©-O0#ffi 
tt, SBS tfSffl{c5g£"f SttTjOl/'-WfcltfS (of 
*), SBS Hfl«Wttir«) 73ffiTifeS. C£DSBS [Mtt 
ffitWfCjaSlfilX h-^|^)tWH' 'J- (Rayl 

eigw aai^osTjt^Kfts, oso, mm 

[0005] isictsBs mmmazQzmtrtm 
73^©^<tt, sbs o«j$ttean#07-ry«%Jifti 

^h7/»«*giB*^L/TASWtl£»f«i:i:T, SBS 

PBfi^tiiinsnSo fcfcu -oo77D-^T-tt, u 

Cfc-e/ElfenS. m2 077n-^cfc^Ttt, Kft 
Of^f'J yy<fe3WiiJ»Hfi (detuing)^?ijffl$n 



(4) 

5 

dfb u-rm wmnTumc sm s m 

tmStlT^S. fc/cU C^TYi-^m JttfiE 
W**ftSBSB«jWB**n««^, frft WtMl 
KM (AH) *<»£U COfcafCS/XrAOttBEtfS&ft 
t*. eaSfi^O^^*h7AO**A»WKlKtf*» 10 

^SffiJcfcSt?— oor^a-f-Cfci/^Tti, 1S& 
ll^tC fa*/WtU I£§IrI (duob i nary modu 1 a t i on) 

tt) tffcfcUfc^fcaiC. atto/wtua»7*-v 

7 r- (binary modulation format) tttMLT, SBS 1913 

imm%o rem, c©ra*/wtyffiW7*-v 

[0 0 0 6] ftoT, SftPfCfcl^Ttt, «t\ Ifil 20 

EOM»fll9*ffl^* c t tfT'Z, mi%3-T4 yf 

U^A*fi^»iJ«^Ua7y»a (SBS ) *ffii**5fc 
[0007] 

X'tm»i&%\/— viz&oxmmnzo cow— »f 

SttOtB^HSOfcftKffl^en, Ti-f-II^fiSBS 30 

[0 0 0 8] co««rT**^— iftt, »tttfjfl»*, 
W*tf, WDM ^rA<DNl@©f-t^;^WfSt-51» 

f&tS, HMfcl/T, C<DU— <ftt, MQW <D7*r^7 

s o> u-w o£^ttft«aiR-r«DFB m a* 
mzc t*m% i c<diesm& 

£Stifc£20£jS5tt8S*£#, CtlJCkoTOFB ffi 

it. cmzn^fummt. hqw o7*t^i« 



WM¥ 1 1 - 1 9 5 8 4 3 
6 

K * o T 7*7 Xv^Jgfcffi U TH»T*0${b^§ I * £ C 

jnso £&tc, ««rua7^»a (sbs) *fi«-r 

SfcftK, MOW <OS2 0«a«KT-r1f-ii^4oil6 

n, cn{c«fcoTtti^ii^©x^^h7A<D*i*we 

tfcfcJoTHMJ&jWcftSfc©?**. 
[0 00 9] 

mmmmmmi «»rua7>»a (sbs) 
as 

H 3 lest* St, iSflJWWfiBlflift^ftU-lf l 0 
tt, fijff-tr^ay l 2i:H*ft«*ifc (««) 

ay 1 2lcftiill%<KteU cftfcioT. Htfi{f^20 
tf£fiSt£nS 0 ftfc*9SMKIW3rSJ:5K:, >W7 
xili 8^?>^SItt§-b^^3y 1 4Kfi/W77.DC 
«E*0tt&U l^lfrt«KSIHojWiott«*IWII1-* 

ftfg *ffM»:7 'J a7>»a (SBS) 

) £$£S£ft3o *»WO-i5»CJ:*fc, CtDSBS 
f-1I^^K#tf§-t^->3y 1 tiMZhZo c 
ISSfcLTSBS E913»n$nS„ -IRWKtt, C©r 

[0 0 1 0] M I : IK&OrV-tf-ls^ 
laicDcfc^tc, »7';a7yS!(SL (SBS) KIBtt*) 

(mii, 57ill 0 0mV) (01 
1 OTbS 1 0 0 k H z ) Zft-DTJ-V-mm 
^XZ^hyl*<Dm**Z<mzzttfX>$Zo w 
TO'^KJcfe^T^Sn^tJi^ft/^^-^tt^ lilted 

m<DrzMc4*.<btiz$><DX\ w,cw*L%^m , o, * 
awoKH*iBj6-f5ci:*«ig-r*feo-pttft^. 
[0 0 1 1 ] u-w m^ii^^r 1 5 5 

1. 8nm0»£{;:T0«etaJ;$CSIB2tu com 
^ll^tCr-^^2. 5 G H z <D tf -y h3§StCTEP)!)P^ 

«, rV-lf-ll^tbT, 1 00mVO*-^OVf-^ 
• W • \Z-tmS.tSi.X} 10 0k H zCO^"— ^(DJSK 
R^oESSRffl^fflt^ftfc. 04 a, u-tfio 

<dx^-? h7A<D*i^fe.nfctuwii?-2 o«*8Ss 



(5) 

7 

(half width at ma i mum, FWHM) £r -rlf-fl^ 
• 77 • e-^*BffOB8»fc ITrtto C<Ot 
-9m, «#7vh G6Ttt«>) ea<-St*C4: 

1f-<l#©*EEtf 1 0 7mV*^ X-*7 h?A(D*i 
tt, 7. 9GHz&«¥ttft£M (FWHM) fclEtfO, 
teSfcLT, SBS RMtt, 2 5. 9dBmil^So eft 

Mfltt, 10. 6dBmT'$)ofc„ l^T, COJtR 10 
Wtel/MfifiOr-ftf-fiSfcJioTSBS BOfflfcl 5. 3 
d BmfcttJgfcTCSSCfctffcfrofc. CftKttJ&T* 
«8Allttfc-3fc2. 9%T'&o/c„ 
[0 0 1 2] 0 5ti, SBS Hlffi*tH2j{i32 0<DX^* 

•yht^tiS. H**S<J:5£, X«9hyLIRW\ 
C H z WTT*S tti, SBS RHUi 5 0 mWttTTifc 

X"?* b7L.mm&8 C H z £T?Jt!Hitrf 
flVSBS mm 3 5 0mWW±KU8int*. 
[0 0 13] 155 1. 8nmkttaft*iftfiOf-t* 20 

[0 0 1 4 3 ffj I I :EftiSr-Y-9--fl^ 
E&&«ftfr»)£=fti£0T-i'-»fHI*§ (0fl*«\ 1 0 
0 kHz, 9 5mV<Dtr-^ • 77 • tf-?S/££#0 

T**-ffl9) sffl^T. (ittMi tn-mmm 

■oh a COJg^t, X^* h^fiOI&tft) (12GH 
z) , SBS Hffi (2 5 d Bm) , fcJctfMM (1.2 
%) KO^Ttt, fi^l 1 ItoWti&kimblXtl. tcti 
U x^;l/^-^fco^Tt±, HftificOJf^tt, mi 30 
-«-pfc5<mcftLT ; iEffijSO«^ti» X^* F-5A 
©fiiiSKCtt, «^;W*tf£j*StU *ft«B5T?tt, n 

2o<dx^* MUi, inj-fflosr^x^^-fl^tt 

AXc0ii*^7 G II z flif^tCO^T^-fo 
[0 0 15] 

m%u-vm i oo«jaw3j:tf»^Ko^T * mwc 40 

{is a«ffi4 0to^Tfi9JSrr5. <kD#*fflfctt, u 
— y« 1 0 (is Jtm^llf 2 0 g&S&fi A, ( i 

= K 2 N) *^««0Nfl©ttE-F© 

tt*0-oi:LT£jS*5. m^jfi^2 0(4, W*tf, 

wdm ->xta (0^-a-f) oeas«2 2ic}9oTe»-r 
5o uCT#^-r5->xrA(i, \mm * 

ffii$gft (WAtf, F-£$ffli£) <DP5fi£W«i 

fc-rs. t^-fnoiwt, saBnrfli&u— ifigi oa, 50 



ftffl¥ 1 1-19 5 8 4 3 
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[0 0 16] m-ttisay 1 2tt, itRWis^wja^ 
yK*>7 7°£i#OMQW ©7^r^« 1 2. 1,7 

$«yDFi«s«i2. 2, tszvanhTtTjfmmz 

i<DjSi£Sgi2. 3£#£y 0 ;:©ff?ic>jSi&S8i 2. 3 
W*»f, ARn— r^yy) 12. 7*1 
THffi«±0tf/^7X«ffi#\ IS 12. 4. 12. 

szfrix, T^T^rmmch^^t, u-ifsio 

(i> MQW ^©fflfigfcct^iJifX^^F-^AtCctoT^ 
XAW£<Di§£«, DFB W?<DV>y?lC&?X$mz 

2. 3(C*£££ft> U— 9 , H]^20k%5o fttttWt 

ttiEt * c i TaiRt 5 C t ffX't 5o 
[0 0 1 7] *fg^<0^1©lffi(C«fcSk, 
Otc^SWgg-b^i/a^l 4tfi8tt6tt*o cntis 
±iiE©d:o(i: > fijff*^s/gyi 2 (of 0, DFBfRl^ 
12.2) k-^k^ots 3fi««fi8g*«/St5. <t 
0l¥ffl(C(i, ^fiJcS*f§§-t^->3> 1 4ti, MQW (079 
12.1 (C^WfC^SnfcMQW <D^ 2(0 
«« 1 4 . K 1 12.3 t^WK 

is^ti^s2o«ttKi 4. 3, &&m2<owm 

7) 14. 7 *#iy„ 

[0 0 18] *5M]W^2 0liifiitcj:2>i:, 02fc^t 
«fc 0 (C, «f«l OO^l O^SSl 2. 3tt, RlT^ 
OJB« (^)x(f, 5>fXK1M>(rised-slne)#tt) % 
Ctl(Ci:oT< ^iSS§12. 3C0|JB»12. 3b 

(Oil?, All 2. 4©T©gl5^) t)\ WDM ->Xfi 

©NloS^SiSS (ol K), a»of-+*;l/»fi) (c 

1 (i = l> 2 N) bLXTfiZtl&CtlbV 

~>lt, WiSSS 1 2 . 3bjWfr , /-^K*^T«H 1 5'f 
y(cWbTS*5Xn-7 ((it) *RfO/ci!)(c, g& 

a. ftgAv t«oTojiK«ftHSitt» cne>ss(c 
WfSts^T©^^- *micm-<ommm 
&o%£K.<Dfrnfmtii&. cnmmmi, mm 

1 2. 3 bcDJg^ (cn(i€-K©fiJ?#X^^ F7i><0 
¥ffl£fci*£-fS) t> K7^71i5it (cnHMQW <D7 
?m.\ 2. 1 OfiJU^ft^tS) kOffl^K 
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fcbT*2ft5@&l 2. 3s0T©»#fca 



3 b£&)£5 
3t©PE» 
3 s fclftt 



a. K&f&xvm&iMttittibic, mm 1 2. 

3fctt, Kill (o*9, »«) »»i 2. 3 stf, »?£ 
0««*«foJ:9fc:8HBSnfc»»l 2. 
*fgg-tr^>a>l 4<DS20«iSBl 4. 
tfe.tt3o 118 1 2. 4#ittt*#l 2. 

c^tT, *»>«^wtewa««ti*, (o$t>. 02 io 

fcLT^SftSSffil 2. 3 bCTcDgBfttCjoAT, * 

y b = W +(W/Lb)(2L. - x) + (W/7r)sin(roc/Lb) 



* A' 

is) . 

[0 0 1 9] mfa&ffiftl 2. 3 bfccfctfl 2. 3s© 
Jfctty (x) cn60»(5t5«^tfyf-iaaA 
(x) (i, WTO<k5K-b-y HOStAoTlEiStSJ: 

2. 3b©JBWi, WTOS (l) fCckoT 

^Sn^v-fXF^^JPtt (raised-sine shape) 

[00 2 0] 
[ftl] 



(1) 



2 2KftoT) ©EBfcgU Wtt, HIISP^l 2. 3 
stftWcfcJCy (x) <9fcjMii2 2fre><D«*t 



(2) (cJ;oT^x.5)til)„ 
[R2] 



A„ = A 0 [1 + (W/L b ) 2 (cosnx/Lb- l) 2 ] 



,2-, 1/2 



(2) 



CCT\ Ao {J, DFBfMl2. 2 fc? y 

+ L. ) rtTti, gftftl 2. 3 sOMli, WTO ★ 
y. = 2W + (2W/L b )(L,-x) 



★S (3) K*oT5*6ft*E«0IS8ftfcfie3. 
[»3] 

(3) 



*LT, »#f «T©ir. (4) KJ: & [»4] 

A, = Ao[l +(2W/L b ) 2 ]" 2 . 



(4) 



[00 21] 3 ©1RSK J; 5 1 , I/— «f« l 

OK, -&fiRS»»i 4£tt{fiWl^£j!in;iS^fS# i ia 
tte>ft5„ Cfttt, fg 2 ©ap^SS 1 4 . 3rt£»T3 

fcfcU JKIffl&fcWLTtt, C©»{f#iLT, $ 

EKJj-sT. MQW©i5 2 ©Sfigi: l 4 . 3rt^i?^Sv' 
a*^?^ (Quantum Confined Stark Effect: 
QCSE) «<3l£gC3ft. C<OQCSEa&SfcJ:<K MQW 
0%2 0*ttftffil«1 4. 3©fB»rWS{kU ffi££ 

i/ci?2©«si 4. 3rt*fi#r*3tt©ffi«a<sfl: 

^n^o flW, SBS ©&$©£#£«, 5S@AM© 



or, u— ifsii o*, aiosijftBi 2. 3©ni© 

[0 0 2 2] -HfiWCs $-©/^-*, W*tf, # 
dtSafflHr^fa y l 4fc*n*5ti*IW»tBE0U''M/ 
*£{LS£*©#-e, l^-^li©$S£fr&DJ£^Uy 
(«*tf, ^2nm) ICigoT, Jt«WK^3US (W 
Afcf . 5 0 JiS l 0 0 p s ) KTlHIt* C ttf T*£ 
§o /c/cL, ««E©U 

OTbSl 2 nm) K»oTO«fi^RrflUc45. 
[0 0 2 3] WTOWtt, ht»Wfg}i<Dffl)itJ:b$$Wlli 



11 

[0024] twin : mm 
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1 . Title of Invention 

Laser Transmitterfor Reduced SBS 

2. Claims 

I A laser transmitter comprising 

a tunable laser source for delivering to an optical fiber an optical output 
signal in any one of N different longitudinal modes, said source including 

a gain section including an MQW active region, a DFB region optically 
coupled to said active region for selecting the nominal wavelength of the longitudinal 
mode which lases, and a first waveguide optically coupled to said active region to 
permit egress of the laser output signal, 

a composite reflector optically coupled to one end of said first 
waveguide so as to form a cavity resonator with said DFB region, said composite 
reflector including an MQW second region optically coupled to said MQW active 
region, a second waveguide having one end optically coupled to said first waveguide, 
and a relatively high reflectivity dielectric layer disposed at the other end of said second 
waveguide, 

first tuner means for applying a tuning voltage to said MQW second 
region to induce therein changes in refractive index, thereby to alter the center 
wavelength of said output signal, and driver means for applying drive current to said 
active region, and 

the current applied to said active region and the shape of said 
first waveguide being mutually adapted so that said N longitudinal modes have 
essentially the same threshold gain and so that a portion of said DFB region spanned by 
said first waveguide is segmented into N zones, each zone providing optical feedback 
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ai a different wavelength corresponding to a different one of said longitudinal modes, 
and 

a dither source for applying to said MQW second region a dither signal 
effective to broaden the spectrum of said output signal, thereby to reduce SBS in said 
fiber 

2. The invention of claim I wherein said dither signal has a triangular 
waveform. 

3. The invention of claim I further including a modulator for impressing information 
on said output signal, and wherein the frequency of said dither signal is much less than 
the bit rate of said modulated output signal when said modulator is a digital system 
modulator and much less than the modulation frequency when said modulator is an 
analog system modulator. 

4. The invention of claim 3 wherein said modulator comprises an 
electroabsorption modulator integrated with said laser. 

5 The invention of claim 1 wherein said first portion has a raised-sine function 
of the form defined by equation (1). 

6. The invention of claim 1 wherein said active region is a single, non- 
segmented region and further including a single, non-segmented second electrode for 
applying said drive current thereto in a substantially uniform manner. 

7. The invention of claim 1 wherein said tuning voltage forward biases said 
composite reflector, thereby to induce refractive index changes therein via the plasma 
effect and to reduce residual AM in said output signal. 

8. A WDM optical system comprising 

an optical fiber which tends to generate SBS in response to a laser signal, 
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a lui^te laser source coupled to said fiber for providing an optical output signal in any 
one of ^different longitudinal modes corresponding to N channels of said WDM 
system, said source including 

a gain section comprising a single, non-segracnted InGaAsP MQW 
aciivc region, a DFB region optically coupled to said active region, said DFB region 
including a grating of uniform pitch for selecting the nominal wavelength of the 
longitudinal mode which lases. a first IuGaAsP waveguide optically coupled to said 
active region, and a relatively low reflectivity first dielectric reflector coupled to one 
end of said first waveguide to permit egress of said laser output signal, 

a composite reflector optically coupled to the other end of said first 
waveguide so as to form a cavity resonator with said DFB region, said composite 
reflector including an InGaAsP MQW second region optically coupled to said MQW 
active region, a second InGaAsP waveguide having one end optically coupled to said 
first waveguide, and a relatively high reflectivity second dielectric reflector optically 
coupled to the other end of said second waveguide, 

said first waveguide including a first portion and a second portion 
optically coupling said first portion to said composite reflector, the shape of said first 
portion corresponding essentially to the raised-sine function of equation (I) and the 
shape of said second portion corresponding essentially to the straight line function of 
equation (3), and 

tuner means for applying forward bias voltage to said MQW second 
region to induce therein a refractive index changes, thereby to alter the center 
wavelength of said output signal, and driver means for applying drive current to at least 
those sections of said active region optically coupled to said first waveguide, said 
second electrode means comprising a single, non-segmented electrode for applying 
current to said active region in a substantially uniform manner, wherein 
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~ r: ... said current applied to said active region and the shape of said first 
waveguide are mutually adapted so that said N longitudinal modes have essentially the 
same threshold gain and so that a portion of said DFB region spanned by said first 
waveguide is segmented into N zones, each zone providing optical feedback at a 
different wavelength corresponding to a different one of said longitudinal modes and a 
different one said N channels, 

an electroabsorption modulator integrated with said laser for imposing 
information on said output signal, and 

a dither source for applying to said MQW second region a dither signal 
effective to broaden the spectrum of said output signal, thereby to reduce SBS in said 
fiber, the frequency of said dither signal being much less than the bit rate of said 
modulated output signal when said modulator is a digital system modulator and much 
less than the modulation frequency when said modulator is an analog system 
modulator. 

9. The invention of claim 8 wherein said N channels span a wavelength range 
from about 1549 nm to 1561 nm and said laser source is continuously tunable over said 
range. 

10. An optical system comprising 

an optical fiber which tends to generate SBS in response to a laser signal, 

an integrated optical circuit for generating a modulated, tunable semiconductor 
laser output signal coupled to said fiber, said circuit including, arranged in tandem, a 
tunable laser source for generating said output signal and a semiconductor modulator 
for impressing information on said output signal, said laser source including a cavity 
resonator formed by a DFB gain section for generating said laser signal at a given 
center wavelength and a composite reflector for altering the phase of the laser signal 
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\vithi£iaid resonator, a tuning source for applying a tuning voltage to said composite 
rcflcctor-to alter said phase and hence the center wavelength of said output signai, and 
a dither source for applying to said composite reflector a dither signal for broadening 
the spectrum of said output signal, thereby to reduce SBS in said fiber. 

1 1 The invention of claim 10 wherein said dither signai has a triangular 
waveform 

12. The invention of claim 10 wherein the frequency of said dither signal is 
much less than the bit rate of said modulated output signal when said modulator is a 
digital system modulator and much less than the modulation frequency when said 
modulator is an analog system modulator. 
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3. Detailed Explanation of the Invention 
Cross-keference to Related Applications 

This application was concurrently filed with application Serial No. Q8/954 3Q5 
entitled Broadband Tunable Semiconductor Laser Source (Adams 1-16-1-6-5-2-1 1- 
57), with application Serial No. 08954575 entitled Sub-Carrier Multiplexing in 
Broadband Optical Networks (Adams 2-17-7-6-12), and with application Serial No. 
08/954022_ entitled Laser Transmitter for Reduced Signal Distortion (Adams 3-18-8-7- 
13). 

Field of the Invention 

This invention relates generally to laser transmitters and, more particularly, to 
broadband, tunable semiconductor laser transmitters which reduce stimulated Bhllouin 
scattering (SBS) in fiber optic systems. 

Background of the Inventioa 

SBS is one of many nonlinear phenomena which can adversely affect system 
performance in fiber optic systems. Brillouin scattering within a silica optical fiber 
results from photons being scattered by localized refractive index variations induced by 
acoustic (i.e., sound) waves. These refractive index variations are caused by acoustic 
vibrations in the silica lattice that makes up the fiber core. Furthermore, owing to the 
dependence of refractive index on light intensity in the nonlinear regime, the presence 
of intense light in the fiber will also induce lattice vibrations which, in turn, induce 
acoustic waves, that then scatter more light. When the SBS threshold power is 
exceeded (as low as about 10 mW per channel in some WDM systems), light from an 
intense forward propagating signal (e.g., the transmitted signal) can provide gain for 
(i.e., stimulate) a backward propagating signal (known as a Stokes signal). In this 
fashion, the Stokes signal can degrade the transmitted signal significantly. 
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Y r et many applications require that the transmitted signal be launched at 
relatively high power, and anything, including SBS, which limits the maximum launch 
power presents a problem. For example, limiting the launch power reduces the 
allowable un-rcpeatered span length in fiber optic transmission systems, as well as the 
number of splits (or fanouts) which can be utilized in a fiber-based distribution system 
(e.g., a CATV system). One way to alleviate this problem is to increase the power at 
which the onset of SBS occurs (i.e., increase the SBS threshold). This threshold is 
arbitrarily defined as the level of launched optical power at which the power of the 
backward Stokes signal becomes equal to the power of the Rayleigh scattered signal; 
i e , the total reflected power has doubled. 

The prior art has devised numerous schemes for increasing the SBS threshold, 
but none is entirely satisfactory. Most of these schemes rely on the fact that the 
efficiency for SBS decreases as the linewidth of the transmitted signal source is 
increased. Consequently, artificially broadening the spectrum of that source via 
modulation serves to increase the SBS threshold. One approach calls for an external 
phase modulator to modulate the output of a laser transmitter, thereby broadening the 
spectrum of the transmitted signal by randomly changing its phase. A second approach 
utilizes wavelength dithering or detuning. A small specialized heating element is used 
to change the local laser temperature and thus its wavelength by a small amount. The 
frequency of the wavelength dither is on the order of a few kilohertz. However, these 
approaches require complex or high-voltage driving waveforms to broaden the 
spectrum. Alternatively, small-signal direct modulation of a DFB laser transmitter has 
also been suggested. But. when relatively large SBS thresholds are required, this 
approach results in substantial amplitude modulation (AM) which may degrade system 
performance. Another prior art approach, significantly difTereut in that it does not 
involve artificially broadening the transmitted signal spectrum, suppresses SBS by 
applying duobinary modulation to the transmitted signal. Due to the absence of an 
optical carrier in the spectrum, the SBS threshold is increased compared to a 
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conventional binary format However, the duobinary format is not suitable for some 
systems applications. 

Thus, a need remains in the art for an SBS reduction technique that can 
implemented with a simple, low voltage control signal, does not require special coding 
formats, and has low levels of residual AM. 

Summary of the invention 

This need is addressed in a broadband, tunable laser which includes an 
intracavity, integrated composite reflector to which a tuning voltage and a dither signal 
are applied. The tuning voltage provides coarse tuning of the center wavelength, 
whereas the dither signal provides for SBS reduction. In one embodiment the dither 
signal comprises a sinusoidal waveform; in another it comprises a triangular waveform. 

The tunable laser provides an optical output signal in any one of N different 
longitudinal modes at wavelengths corresponding, for example, to the N channels of a 
WDM system. Illustratively, the laser comprises an MQ W active region, a DFB region 
for selecting the nominal wavelength of stimulated emission (i.e., laser light) generated 
by the active region, and a first waveguide optically coupled to the active region to 
permit egress of the laser output signal. The tunable laser is characterized in that a 
composite second reflector is coupled to one end of the first waveguide so as to form a 
cavity resonator with the DFB region. In accordance with one aspect of our invention, 
the second reflector includes an MQW second region optically coupled to the MQW 
active region, a second waveguide having one end optically coupled to the first 
waveguide, and a high reflectivity dielectric layer disposed at the other end of the 
second waveguide. In order to tune the center wavelength of the laser light, a forward 
bias tuning voltage is applied to the MQW second region to induce changes in 
refractive index through the plasma effect. In order to reduce SBS, the dither signal is 
also applied to the MQW second region to broaden the spectrum of the output signal. 
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Detailed Description of the Invention 

SBS Reduction 

i^Vfah reference now to FIG. 3, a broadband, tunable semiconductor laser 10 
comprises a gain section 12 and an intracavity, integrated composite reflector section 
I -4 arranged in tandem with one another. A cuiTent driver 16 supplies current to the 
gain section in order to generate a output signal 20. As described more fully 
hereinafter, a forward bias DC voltage supplied to reflector section 14 by bias source 
1 8 coarsely tunes the center wavelength of the output signal by controlling the phase of 
the optical field within the laser cavity. In addition, the output signal is typically 
coupled to a transmission medium (not shown; e.g., a silica optical fiber) in which the 
signal tends to generate SBS. In order to reduce SBS in accordance with one aspect of 
our invention, a relatively low frequency, low voltage dither signal is also supplied to 
reflector section 14 in order to broaden the spectrum of the output signal and hence 
increase the SBS threshold. In general, the frequency of the dither signal should be 
much less than the bit rate of the output signal in digital applications and much less than 
the modulation frequency in analog applications. 

Example I: Sinusoidal Waveform Dither 

As discussed above, the SBS threshold power is increased when the laser 
energy is distributed over a broader bandwidth. With ourtunable laser, described in 
greater detail below, significant spectral broadening is achieved with relatively small 
amplitude (e.g. 5-100 mV). low frequency (e.g., 10-100 kHz) dither signals. The 
various parameters cited in the following experiments are provided by way of 
illustration only, and are not intended to limit the scope of the invention unless 
otherwise so stated explicitly. 

The laser was tuned to provide an output signal at a wavelength of 1551.8 nm 
and was modulated with data at 2.5 GHz bit rate. In these experiments the dither 
signal was a sinusoidal waveform having peak-to peak voltage and frequency on the 
order of 100 mV and 100 kHz, respectively. The FWHM of the broadened spectrum 
of the output signal 20 of the laser 10 as function of dither signal peak-to-peak voltage 
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is sho\aru4n FIG, 4, where the data closely follows a linear fit. The resulting residual 
AM as a"function of dither signal voltage is also included. For example, a dither signal 
voltaue of 107 mV broadened the spectrum to a FWHM of 7.9 GHz, resulting in an 
SBS threshold of 25.9 dBm. In contrast, with no dither signal applied the SBS 
threshold was 10.6 dBm. Thus, an increase in SBS threshold of ! 5.3 dBm was 
obtained in response to the relatively low amplitude dither signal. The corresponding 
residual AM was only 2.9 %. 

The SBS threshold as a function of spectral width of the output signal 20 is 
plotted in FIG. 5, along with a linear fit to the data. As shown, the threshold increases 
from less than 50 mW at a spectral width less than 1 GHz to over 350 mW at spectral 
widths of nearly 8 GHz. 

Channels at wavelengths other than 1551.8 nm show comparable spectral 
broadening with these relatively low amplitude dither signal voltages. 

Example II: Triangular Waveform Dither 

We performed experiments similar to Example I except that we substituted a 
triangular waveform dither signal (e.g., 100 kHz, 95 mV peak-to-peak) for the 
sinusoidal waveform. Comparable results were obtained in terms of spectral 
broadening (12 GHz), SBS threshold (25 dBra) and residual AM (1.2%). However, 
the energy distribution is much more nearly uniform for the case of the triangular 
waveform; the sinusoidal waveform produces definite spikes at each end of the 
spectrum and a bowed segment in the center. (Although the two spectra have the same 
integrated energy .) The more nearly uniform spectral distribution of the triangular 
waveform results in lower peak power. FIG. 6 shows the case for a spectral width of 
about 7 GHz. 



Broadband Tuning 
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-^turning now to FIGs. I and 2, we describe in greater detail the structure and 
operation of the broadband, tunable laser source 10 of FIG. 3. The source 10 
yeneraies an optical output signal 20 in any one of a plurality of N longitudinal modes 
each having a different wavelength 

\ t (i = 1 ,2,...N). The output signal 20 propagates along a transmission axis 22 of, for 
example, a WDM system (not shown). The systems contemplated may embrace low 
speed applications (e.g., infrequent network reconfigurations) as well as relatively high 
speed applications (e.g., optical packet switches). In any case, the tunable source 10 
comprises a cavity resonator formed by a gain section 12 and a composite reflector 
section 14. 

The gain section 12 includes a relatively wide effective bandgap MQW active 
region 12. 1, a DFB region 12.2 comprising a uniform pitch grating optically coupled to 
the active region, and a relatively narrower bandgap first waveguide 12.3 optically 
coupled to the active region. The output of the waveguide 12.3 is coupled to 
transmission axis 22 through a relatively low reflectivity dielectric layer (or composite 
of layers; e.g., an AR coating) 12.7. When current driver 16 supplies above-threshold 
forward bias current to the active region via electrodes 12.4 and 12.6, the laser source 
10 generates light (radiation) at a wavelength determined by the composition and gain 
spectrum of the MQW region. In the absence of tuning mechanisms, the pitch of the 
DFB grating determines which longitudinal mode within the gain spectrum is selected. 
This mode is coupled into the first waveguide 12.3 and provides the laser output 20. 
As discussed later, any one of a plurality of N longitudinal modes at different 
wavelengths can be selected by modifying the laser design in accordance with various 
aspects of our invention. 

In one aspect, the laser source 10 is provided with the composite reflector 
section 14 which, as indicated above, forms a cavity resonator with the gain section 12 
(i.e., with the DFB region 12 2) More specifically, section H includes an MQW 
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secon^egion 14. 1 optically coupled to the MQW active region 12.1, a second 
waveguide 14.3 having one end optically coupled to the first waveguide 12.3, and a 
relatively high reflectivity dielectric layer (or composite of layers; e.g., an HR coating) 
14.7 disposed at the other end of the second waveguide 14.3. 

In a second aspect shown in FIG. 2, the laser source 10 is provided with a first 
waveguide 12.3 having a predetermined shape (e.g., a raised-sine shape) which 
effectively segments the portion 12 .3b of the waveguide 12.3 (i.e., the portion under 
electrode 12.4) into N zones corresponding to the N different wavelengths of WDM 
system (i.e., the channel wavelengths). These zones, labeled h (i = 1,2 ...N) in FIG. 2, 
each provide optical feedback at a different wavelength because the waveguide 12.3b 
has a different slope (i.e., relative to the grating lines) within each zone. However, 
continuous tuning over the range \, to is possible only if all of the longitudinal 
modes corresponding to these wavelengths have essentially the same threshold gains. 
This desideratum is achieved by a combination of the shape of the waveguide 12.3b 
(which determines the flatness of the gain spectrum of the modes) and the drive current 
(which determines the gain of the MQW active region 12. 1). In addition, modes 
corresponding to zones in which the waveguide slope is larger experience higher loss. 
To compensate for the higher loss in the longest wavelength zone X N , which has the 
highest waveguide slope, the waveguide 12.3 is provided with a straight (i.e., linear) 
portion 12.3s disposed between the shaped portion 12.3b and the second waveguide 
14.3 of the composite reflector section 14. Since the electrode 12,4 overlaps the 
portion 12.3 s, the Nth mode is provided with additional gain to offset the higher tosses 
(i.e., the zone for the Nth mode includes not only the region labeled X N under electrode 
12. 3b in FIG. 2, but also the region labeled X' N under electrode 12.3s). 

The shape y(x) of the waveguide portions 12 .3b and 12.3s and their 
corresponding grating pitch functions A(x) can be described by a set of equations as 
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follow^jn the range L.< x < L B the shape of the waveguide 12.3b follows essentially 
a raised-sine shape given by 

y b = W +(W/U)(2L. - x) + (W/7r)sin(7rx/L b ) (1) 

where x is distance along the direction of light propagation (e.g., along transmission 
axis 22), W is the maximum displacement of y(x) from axis 22 in the case where the 
straight portion 12.3s is omitted, L. is the length of the straight waveguide portion 
12.3s, and U is the length of the shaped waveguide portion 12.3b. The corresponding 
grating pitch is given by 

A b - A 0 [1 + (W/U) 2 (cos7rxA. b - \) 2 ] lQ (2) 

where Ao is the pitch of the uniform grating of the DFB region 12.2 In contrast, in the 
range 

U < x < (L b + L f ) the shape of the waveguide 1 2.3s follows a straight line function 
given by 

y. = 2W + (2W/L b )(L.-x) (3) 

whereas the grating pitch is given by 

A. = A*[1 +(2W/U) 2 ] ,/2 . (4) 

Although the combination of a raised-sine function and a straight line function for the 
two waveguide segments is preferred, other functions can be utilized depending on the 
particular application contemplated. 

In a third aspect of our invention, the laser source 10 is provided with means 
for applying an electrical control signal to the composite reflector section 14 which 
effectively alters the phase of light propagating in the second waveguide 14.3 and 
hence in the laser source as a whole. Illustratively, an electrical signal from source 1 8 
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is appttcjl-to section 14 via electrodes 14.4 and 12.6. The control signal may take on 
several forms (i.e., current or voltage), but for high speed applications it is preferably a 
reverse bias voltage which induces the Quantum Confined Stark Effect (QCSE) in the 
MQW second region 14.3. The QCSE, in turn, induces changes in the refractive index 
of the MQW region 14.3 and hence in the phase of the light propagating in the second 
waveguide 14.3. On the other hand, for SBS reduction, particularly with low levels of 
residual AM, the control signal is preferably a forward bias voltage which induces 
refractive index changes via the plasma effect. Therefore, by varying the applied 
voltage the laser source 10 can be tuned over a relatively broad range of wavelengths 
corresponding the wavelengths spanned by the N zones of the first waveguide 12.3. 

In general, varying only a single parameter, such as the control voltage level 
applied to the composite reflector section 14 enables the wavelength of the laser source 
to be tuned over a moderately broad range (e.g., about 2 nm) at relatively high speeds 
(e.g., 50-100 ps). However, varying several parameters, such as the control voltage 
level, the drive current and the temperature of the laser, enables tuning over a much 
broader wavelength range (e.g., 10-12 nm), albeit at more modest speeds (e.g., in the 
millisecond to nanosecond range). 

The following examples demonstrate the efficacy of our invention for both 
relatively low speed and relatively high speed applications. The various materials, 
dimensions, operating conditions and other parameters are provided by way of 
illustration only, and are not to be construed as limitations on the scope of the invention 
unless expressly so indicated. 

Example EH: Low Speed Tuning 

A laser source 10 was fabricated using selective area growth MOVPE to grow 
the various semiconductor layers and standard processing to etch shapes, deposit 
electrodes and the like. The MQW regions 12.3 and 14.3 comprised 7 layers of 
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4. 

strainejirJnGaAsP (1.55 \xm bandgap) interleaved with barrier layers of InGaAsP (1.28 
j.irn bandgap). Transverse mode control was accomplished by forming a I fim wide 
well-known CMBH structure. In?:Fe current blocking layers 3 u.m tliick were formed 
on either side of the CMBH structure id order to reduce leakage current and parasitic 
capacitance. A shallow groove 1 9 about §0 urn long was used to enhance electrical 
isolation with a typical resistance of 25 kQ. The waveguides 12.3b and 12.3s had 
shapes defined essentially by equations (1) and (3) above and were designed to provide 
gain in eight longitudinal modes corresponding to eight channels (each about 1.4 nm 
wide) of a WDM system at wavelengths ranging from 1549.4 to 1 560.7 nm. 

We were able to tune the laser source through all eight channels (over more 
than an 1 1 nm range) by appropriate choice of bias voltage, drive current and 
temperature. The typical power delivered into a angle mode fiber was 10 mW at a 
drive current of 60 mA. The mean side mode suppression ratio was about 36 dB. The 
following table illustrates how the three parameters were varied to achieve tuning over 
a relatively broad 1 1 nm range. 



CHANNEL 

NO. 


WAVELENGTH 
(nm) 


TEMPERATUR 
E 

(°C) 


BIAS 
VOLTAGE 

(V) 


DRIVE CURRENT 
(mA) 


1 


1549,42 


25 


-1.80 


60 


2 


1551.02 


25 


0.00 


60 


3 


1552.63 


25 


0.00 


70 


4 


1554.25 


25 


1 10 


170 


5 


1555.86 


25 


1.73 


320 
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1557.47 


35 


1.67 


300 


7 


1559.09 


45 


2.30 


290 


8 


1560.72 


50 


2.40 


290 



This low speed tuning range of 11 nm is more than double the best result 
reported in the prior an (Cf. H.Hillmer et al., IEEE J. Selected Topics in Quantum 
Electronics, Vol. 1, No. 2,pp.3 56-362 (1995); incorporated herein by reference). 

Example W: High Speed Tuning 

A laser source similar to the one described in Example III was utilized to 
demonstrate single parameter, high speed tuning over a relatively broad wavelength 
range. The single parameter varied was the bias voltage applied to the composite 
reflector section 14. When driven with a bias voltage having a 350 ps period, the laser 
output tuned back and forth between high (155 1.7 nm) and low (1550.0 nm) 
wavelengths at the same rate. The output switched from short to long wavelength over 
a 1 .7 nm range in 56 ps and switched back in 134 ps (10% to 90% rise time). The side 
mode suppression ratio was about 35 dB during tuning. This high speed tuning range 
is nearly an order of magnitude better than that previously reported by the prior art 
(Cf, H. Nakajiroa et al, OFC Technical Digest, p. 276 (1996), incorporated herein by 
reference) High speed switching between four channels (channel spacing 0.7 nm) was 
also demonstrated using a 4-level bias voltage. The ability of our tunable laser source 
to address multiple WDM channels and to switch between them at very high speeds 
should enable optical routing on a cell-by-cell basis in a WDM network without 
requiring large guard times. 
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jjt. is to be understood that the above-described arrangements axe merely 
illustrative of the many possible specific embodiments which can be devised to 
represent application of the principles of the invention. Numerous and varied other 
arrangements can be devised in accordance with these principles by those skilled in the 
art without departing from the spirit and scope of the invention. For example, in long 
distance transmission systems a narrow linewidth laser source is particularly important 
because fiber dispersion tends to increase pulse width. But, spatial hole burning in the 
laser, which can be caused by non-uniform current drive, tends to increase linewidth. 
Therefore, it is particularly advantageous that the drive current be applied substantially 
uniformly to the MQW active region 12 1 To this end, it is preferable that the 
clecirode 12 4 be a single, non-segmented electrode and, likewise, that the active 
region 12. 1 be a single, non-segmented region. By employing these features in our 
invention we were able to obtain linewidths of 1-2 MHz, which we expect would be an 
order of magnitude improvement compared to prior art. segmented designs (Cf., 
Hillmer et al. and Nakajima et al„ supra). 

In addition, the output of the tunable laser may be modulated. Thus, as shown 
in FIG. 7, we have fabricated an integrated optical circuit including an external (i.e., 
extracavity) modulator 40, in particular an electroabsorption modulator, and a tunable 
laser of the type previously described. Data from source 42 was imposed on the laser 
output in the form of AM (i.e., on-off keying). In this fashion, the multiple functions of 
SBS reduction, data modulation and wavelength tuning among WDM channels may be 
realized with a single integrated device. 
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4. Brief Explanation of the Drawings 

Our invention, together with its various features and advantages, can be readily 
understood from the following more detailed description taken in conjunction with the 
accompanying drawing, in which: 

FIG. I is a schematic cross-sectional view of a tunable semiconductor laser in 
accordance with one embodiment of our invention; 

FIG. 2 is a schematic top view of the laser of FIG. 1 ; 

FIG. 3 is a schematic view of the laser of FIG. 1 in which a dither signaJ source 
30 is coupled to the composite reflector section 14 in order to reduce SBS; 

FIG, 4 is a graph of transmitted signal bandwidth (FWHM) and residual AM 
versus the voltage of the dither signal supplied by dither source 30 of FIG. 3; 

FIG. 5 is a graph of SBS threshold as a function of spectral width (FWHM); 

FIG. 6 is a graph comparing the spectrum of the transmitted signal as 
broadened by a sinusoidal waveform dither signal with that broadened by a triangular 
waveform dither signal. Amplitude on the ordinate is presented in arbitrary units (a.u.); 
and 

FIG. 7 is schematic of an optical integrated circuit transmitter in accordance 
with another aspect of our invention. 

In the interests of simplicity and clarity, FIGs 1-3 have not been drawn to scale. 
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FIG. 4 
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I. Abstract 

A lunable semiconductor laser comprises a gain section having an MQW active 
region, a uniform pitch grating DFB region, and first waveguide. A composite 
reflector, including a second MQW region and a second waveguide, forms a cavity 
resonator with the DFB region. A tuning voltage applied to the composite reflector 
induces refractive index changes, thereby allowing the center wavelength to be altered. 
A dither signal applied the composite reflector broadens the spectrum of the laser 
output, thereby reducing SBS in fiber optic systems 



2. Representative Drawing 
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